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Abstract: The synthesis of nanopowders of terbia compounds with scandia, yttria, and lutetia was
carried out using a self-propagating high-temperature synthesis method involving a mixture of nitrates
of metals and glycine as a precursor. The nanopowder phase transformations were investigated using
X-ray diffraction analysis. It was found that lutetia has a negligible effect on the phase formation in
terbia. On the other hand, yttrium and scandium ions significantly suppressed crystallization. The
densification kinetics of nanopowders of the Tb2O3 compounds and the microstructure of ceramics
after microwave sintering were studied using dilatometry and scanning electron microscopy. The
introduction of scandia, yttria, or lutetia contributed to the intensification of the densification of the
terbia ceramics when heated in a microwave field. Near full-density materials of terbia solid solutions
with lutetia and yttria were obtained at about 1600–1640 ℃. The ceramics of scandia–terbia
compounds contained the second phase, which causes light scattering.
Keywords: terbia; microwave sintering; X-ray analysis; ceramics

1

Introduction 

The fabrication of new crystalline materials for extreme
light fields is one of the priorities of the science of
advanced laser materials. One of the most urgent tasks
in this field is the search for new Faraday isolator (FI)
media. Such media should possess a high magnetic figure
of merit and high thermal conductivity, low absorption
and scattering coefficients at working wavelengths,
and be potentially available for manufacturing with
apertures of tens and hundreds of millimeters (to reduce
the power density of radiation and any nonlinear effects
* Corresponding author.
E-mail: Balabanov@ihps.nnov.ru

that might arise). The most common magneto-optical
material used in modern FI in the wavelength range of
400–1100 nm is terbium–gallium garnet Tb3Ga5O12
(TGG) single crystal. This is due to its relatively high
values of the Verdet constant, high thermal conductivity,
and low absorption coefficient (< 0.1 cm–1 at 1064 nm)
[1]. However, the possibility of increasing the efficiency
of magneto-optical media based on TGG single crystal
is limited by the dimensions of the grown single crystal.
Ceramic approaches developed over the past two
decades in terms of obtaining highly transparent laser
materials, have revealed the possibilities of creating
new media with dimensions sufficient for use in highpower laser sources. A transparent TGG ceramic was
first fabricated by Dr. Ikesue in 2002, and the possibility
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of its use in a high-power FI was reported in 2003 [2].
Further experiments confirmed the possibility of
replacing the single crystal material with ceramics
without a loss of functionality. In recent years some
works have been published on the production of
magneto-optical ceramics based on terbium–aluminum
garnet Tb3Al5O12 (TAG) [3,4] and terbium scandium
aluminum garnet crystals (TSAG) [5,6], possessing a
higher Verdet constant value and better thermo-optical
properties in comparison with TGG. However, the use
of these materials is limited by the maximum possible
concentration of terbium in the structural unit (37.5
at%), which determines the Verdet constant.
In Ref. [7], it is reported that Tb2O3 ceramics with a
Verdet constant more than three times higher than that
for the TGG material within the 380–1750 nm
transparency range, can be produced. Nevertheless, the
ceramic samples used were not of laser quality. Tb2O3
ceramics technology is complicated by a number of
issues. One of them is the mixed-valence state of
terbium ions. There are several binary terbium oxides
containing both Tb3+ and Tb4+ ions of various
compositions TbOx (1.5 < x ≤ 2). At that Tb2O3 is
easily oxidated at intermediate temperatures [8]. In the
case of TbOx powders sintering to Tb2O3 ceramics,
oxygen gas is released inside the material during the
sintering process (TbOx ↔ TbO1.5 + yO2) and the
ceramics finally crack and/or break into pieces. Moreover,
terbium(III) oxide undergoes a series of polymorphic
transformations at high temperatures (near 1600, 2160,
and 2340 ℃), which causes volumetric change in the
material, and induces mechanical stress and cracking
[9–11]. Apparently, the maximum sintering temperature
of Tb2O3 ceramics is limited to about 1500–1550 ℃
without sintering aid. Therefore, one of the most
important tasks of the Tb2O3 ceramics technology is
the search for sintering aid, in that this can promote
sintering at lower temperatures, and/or can prevent the
phase transitions at sintering temperatures and/or
suppress mechanical stress caused by these phase
transitions.
Such aids (or components, due to their high
concentration in ceramics) may be rare earth sesquioxides
(REO) such as Y2O3, Sc2O3, or Lu2O3. However,
information on obtaining Tb2O3 optical ceramic
materials with REO is very limited [12]. In Refs.
[13,14], the production of terbia solid solutions with
oxides of some rare earth elements was reported. In
addition, their existence ranges are determined, and the

questions of phase relationships (phase formation) in
the systems YO1.5–TbO1.5, Lu2O3–Tb2O3–TiO2 are
considered.
In the present study, we report on the obtained
nanopowders of ScO1.5–TbO1.5, YO1.5–TbO1.5, and
LuO1.5–TbO1.5 compounds and Tb2O3 by self-propagating
high-temperature synthesis using a mixture of nitrates
of metals and glycine as a precursor. In addition, we
study of the effect of scandia, yttria, and lutetia
concentrations on the phase composition and the
densification kinetics of the obtained powders, as well
as the possibility of producing ceramics from these
powders.

2

Experimental

Terbium(III, IV) oxide powders (Tb4O7, 99.99% purity),
yttrium oxide powders (Y2O3, 99.99%), scandium oxide
powders (Sc2O3, 99.99%), lutetium oxide powders
(Lu2O3, 99.99%), nitric acid (99.999%), hydrogen
peroxide (30% high-purity grade solution), and glycine
(aminoacetic acid, NH2CH2COOH, 99.9%) were used
as the starting materials in the present work.
The synthesis of powders of terbia compounds with
scandia, yttria, and lutetia was carried out using the selfpropagating high-temperature synthesis (SHS) method
involving a mixture of nitrates of metals and glycine as
a precursor. Terbium nitrate Tb(NO3)3 was prepared by
dissolving Tb4O7 powders in a mixture of nitric acid
(2 N) and hydrogen peroxide according to the procedure,
described in Ref. [9]. Y(NO3)3, Sc(NO3)3, and Lu(NO3)3
were obtained by dissolving the corresponding metal
oxide in nitric acid (2 N). Glycine was then added to
the mixture of nitrates of the corresponding metals in a
molar ratio of 1 : 1. The resulting glycine–nitrate solution
was divided into portions, put in a quartz flask, and
placed in a resistance furnace which had been preheated
to 450 ℃. The heating of the precursor led to the
initiation of redox reactions and the promotion of the
SHS. The combustion process was accompanied by
intense gas formation. At the end of the combustion
process, solid foam consisting of nanodisperse oxide
particles was formed. Powders of thirteen various
compositions (Y1–xTbx)2O3, (Sc1–xTbx)2O3, (Lu1–xTbx)2O3
(x = 0, 0.3, 0.6, 0.9, 1) were obtained. SHS terbiacontaining powders had brown colors of different
intensities (the lightest shade is characteristic for
(Sc1–xTbx)2O3 compounds) due to the oxidation of
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terbium ions during combustion. Additionally, the
reduction of SHS powders was carried out by their
calcination under a vapor flow of isopropyl alcohol at
650 ℃.
The sintering of the ceramics based on terbia solid
solutions or compounds with scandia, yttria, and lutetia
was carried out by heating in a microwave (MW) field.
The SHS powders were uniaxially pressed under 100
MPa into disks with a diameter of 10 mm and a
thickness of 1 mm. The sintering of the powder compacts
was carried out using a gyrotron-based setup operating
at a frequency of 24 GHz with a regulated microwave
power of up to 6 kW. The samples were placed in a
thermo-insulated unit made of radio-transparent and
heat-resistant porous material based on Al2O3. Such a
unit made it possible to reduce heat loss significantly
and to enhance the uniformity of the temperature
distribution in a sample during its microwave heating.
The thermo-insulated sample was located in the middle
part of the working chamber of the gyrotron setup
(typical size of the chamber was L ≈ 50λem, where
λem = 1.25 cm is the electromagnetic wavelength). The
sample temperature was measured by an unshielded
B-type thermocouple (Pt30%Rh/Pt6%Rh), which touched
the bottom surface of the sample. The microwave
sintering of the powder compacts was carried out at a
residual air pressure of no more than 0.5 Pa. The
maximum sintering temperature varied from 1450 to
1650 ℃, and the sintering time ranged from 15 to
210 min. After the completion of the calcination, the
microwave power was switched off automatically, and
the powders, located in the thermo-insulated unit, were
initially cooled at a rate of about 90 K/min then
free-cooled at a lower rate.
X-ray diffraction (XRD) analysis of the powders
(Y1–xTbx)2O3, (Sc1–xTbx)2O3, (Lu1–xTbx)2O3 (x = 0, 0.3,
0.6, 0.9, 1) was done using an Ultima IV (Rigaku,
Japan) X-ray diffractometer (Сu Кα radiation, λ =
1.5406 Å). XRD was carried out in a range of angles

2θ = 15–60 with a step of 0.02, and an accumulation
time of 1 s. The study of the phase composition was
performed just after obtaining the SHS powders and
their reduction (in a resistance furnace under a vapor
flow of isopropyl alcohol at 650 ℃). The morphology
of the powders, the ceramic microstructure, and the
average grain size were studied using an analytical
scanning electron microscope (SEM) JEOL-6390LA
using the imaging of back-scattered and secondary
electrons. The sample density was determined by
hydrostatic weighing with an accuracy of 0.01 g/cm3.
The theoretical density of the solid solutions was
calculated by the additive method.
The densification kinetics of solid solution or compound
compacts (Y1–xTbx)2O3, (Sc1–xTbx)2O3, (Lu1–xTbx)2O3
(x = 0, 0.3, 0.6, 0.9, 1) was investigated using a
NETZSCH DIL 402C dilatometer (Netzsch) at a heating
rate of 5 K/min at temperatures of up to 1530 ℃, and
under high vacuum conditions.

3

Results and discussion

The resulting powders (Y1–xTbx)2O3, (Sc1–xTbx)2O3,
(Lu1–xTbx)2O3 (x = 0.3, 0.6, 0.9, 1) have a sponge-like
structure typical of SHS with randomly distributed
pores, formed as a result of the intense gas formation
during the synthesis process, and consisting of primary
particles of several tens of nanometers in size (Fig. 1).
Figure 2 shows the X-ray diffraction patterns of the
as-synthesized and reduced (Y1–xTbx)2O3, (Sc1–xTbx)2O3,
(Lu1–xTbx)2O3 (x = 0.3, 0.6, 0.9, 1) nanopowders. For
comparison, Fig. 2 consists of the X-ray diffraction
patterns of pristine yttria, lutetia, and scandia SHS
powders.
SHS powders of pristine terbia (x = 1) consist of a
mixture of crystalline phases. The peaks’ positions in
accordance with the theoretical X-ray Bragg reflections
are most characteristic for compositions of Tb7O12 and

Fig. 1 SEM images of the powders of (Sc0.4Tb0.6)2O3, (Y0.7Tb0.3)2O3, and (Lu0.7Tb0.3)2O3 after the SHS.
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Fig. 2 XRD patterns of the powders (a1–a3) after the SHS and (b1–b3) after reducing in isopropyl alcohol vapor.

Tb11O20 intermediate phases [15]. The observed peaks
are broadened due to low crystallite sizes and low
crystallinity. Annealing of the SHS powders in a vapor
flow of isopropyl alcohol at 650 ℃ leads to the
reduction of terbium ions to the trivalent state. All
diffraction peaks can be readily assigned to a pure
cubic phase of Tb2O3 (the space group Ia 3 ) according
to ICDD No. 00-023-1418 with a unit cell dimension
of 10.730 Å.
In (Y1–xTbx)2O3 (x = 0.3, 0.6, 0.9) terbia–yttria SHS
powders (Fig. 2(a1)), there is a solid solution of
cubic Y2O3 and triclinic Tb11O20 + trigonal Tb7O12 for
all the compositions under consideration. The peaks’
positions for all three samples are almost the same,
which is explained by the great similarity of the yttria
and terbia XRD patterns, and by the significant peak
broadening.
An appreciable amount of cubic Tb2O3 (10.7290 Å)
appears in reduced powders of the same composition
(Fig. 2(b1)). This manifests itself in a general shift of
the peaks to the left and the appearance of a peak in the
region of ~20, which is not typical for other phases.
The presence of cubic Tb2O3 is less obvious in powders
with an yttrium content of 70 mol% (Y0.7Tb0.3)2O3.
In the SHS powders of the terbia–lutetia (Lu1–xTbx)2O3
system (x = 0.3, 0.6, 0.9) (Fig. 2(a2)), the peaks shift to
the region of smaller diffraction angles (since the
interplanar distance of Tb2O3 is greater) and the peaks’
intensity decreases as the Lu2O3 content in the mixture

diminishes. Samples with a lutetium content of 40 and
70 mol% represent the solid solutions of cubic Lu2O3
and mixtures of triclinic Tb11O20 and trigonal Tb7O12
terbium oxides. The XRD patterns of the sample with a
lutetium content of 10 mol% is identical to that of
100% terbium oxide, i.e., a mixture of Tb11O20 +
Tb7O12 phases.
In the reduced (Lu1–xTbx)2O3 powders (Fig. 2(b2)),
the existence of a solid solution of cubic lutetia and
terbia with the same type of lattice symmetry is observed
for all three dopant concentrations.
A different feature is observed in the terbia–scandia
system (Sc1–xTbx)2O3 (x = 0.3, 0.6, 0.9) (Fig. 2(a3)). At
a scandia content of 40 and 70 mol%, a broad peak is
observed in the 30° angle region, corresponding to
the scandia maximum peak, which is substantially
amorphized. At a scandia content of 40 mol%, the
broad peak observed is somewhat shifted to the left,
towards the terbium oxide peak position, which probably
indicates a mixture of oxides. The XRD pattern of the
sample with a scandia content of 10 mol% is almost
identical to that of the 100% terbium oxides Tb11O20 +
Tb7O12.
The XRD patterns of reduced powders with a
scandia content of 40 and 70 mol% (Fig. 2(b3)) differ
very little from those of unreduced powders of the
same composition. At a scandia content of 10 mol%,
the peak position is somewhat shifted to the left. A
slight peak appears in the 20° angle region, which may
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indicate the onset of a phase transformation of triclinic
Tb11O20 and trigonal Tb7O12 into a cubic structure.
The sizes of coherent-scattering regions calculated
using the Scherrer’s equation are presented in Table 1.
It can be seen that the sizes of the coherent-scattering
regions are 3–10 times smaller in scandia- and yttriacontaining powders than in the lutetia-containing ones.
Thus, yttrium and scandium ions substantially suppress
the crystallization of the Tb2O3 powders, despite the
fact that the Y3+ has an ionic radius closer to Tb3+ than
the Sc3+ and Lu3+ ions.
Figure 3 shows the results of the dilatometric analysis
of compounds of terbia with scandia, yttria, and lutetia
(x = 0.3, 0.6, 0.9) powder compacts, and individual
oxides (x = 0, 1). The densification of the pristine
terbia sample (x = 1) begins at 567 ℃ , and the
compact exhibits a total shrinkage of about 29% at
1520 ℃. An intensive change in the shrinkage rate of
the sample begins at 699 ℃ and ends at 955 ℃. In
this temperature range, the reduction of the Tb4+ ions
takes place. These ions have significant solubility in
cubic Tb2O3 (up to 10% [9]) and can remain due to the
incomplete reduction of the powdes in alcohol vapor.
Also, at these temperatures, an intense crystallization
of powders occurs (SHS terbia powders, as well as
scandia, yttria, and lutetia, have a low crystallinity
after synthesis). This process can provide the system
with an additional driving force leading to densification.
It is known that a lattice transformation can activate
the process of dislocation diffusion, resulting in the
effective densification of ceramics [16]. After the
reduction of TbOx, the linear shrinkage of the sample
continues up to a temperature of 1370 ℃, after which
the shrinkage rate begins to decrease.
A similar behavior is observed with regard to the
Tb2O3–Lu2O3 system. The introduction of 10 mol% of
lutetia has a very limited effect on the densification
rate of the samples compared with pristine terbia in the
temperature range up to 1000–1100 ℃, but the shrinkage

Table 1
Sizes of coherent-scattering regions of
(Y1–xTbx)2O3, (Sc1–xTbx)2O3, (Lu1–xTbx)2O3 powders
(Unit: Å)
x

(Sc1–xTbx)2O3

(Y1–xTbx)2O3

(Lu1–xTbx)2O3

0.3

20.8(4)

53.9(5)

231.8(15)

0.6

19.7(4)

62.5(6)

194.6(9)

0.9

52.9(15)

38.7(7)

152.3(12)

rate increases with increasing temperature, which is
characterized by a wide halo at temperatures above
1000 ℃. The (Lu0.1Tb0.9)2O3 compact exhibits a total
shrinkage of about 33% at 1520 ℃. An increase in the
lutetia content in the samples to 40 and 70 mol% leads
to an increase in the starting densification temperature
(~730–740 ℃) and a decrease in the shrinkage rate,
which is especially characteristic of the (Lu0.7Tb0.3)2O3
composition. The position of the first shrinkage peak
maximum, corresponding to the reduction of the Tb4+
ions, shifts towards higher temperatures, while the
peak intensity decreases. Also a tiny peak arises at
~980 ℃, characteristic of the crystallization of pristine
lutetia. (Lu0.4Tb0.6)2O3 and (Lu0.7Tb0.3)2O3 compacts
exhibit a total shrinkage of about 31% and 26% at
1520 ℃, respectively. The lower shrinkage rate of
compacts with high lutetia content (Lu0.7Tb0.3)2O3 is
likely caused by the higher sintering temperatures of
pristine lutetia compared to terbia and an accelerating
of this effect at its higher concentration in the sample.
A different situation is observed when terbia is doped
by 10 mol% of yttria. The additive promotes an increase
in the shrinkage rate of the compact in the entire
studied temperature range. The compact (Y0.1Tb0.9)2O3
exhibits a total shrinkage of about 35% at 1520 ℃. An
intensive change in the shrinkage rate of the sample begins
at about 650 ℃, which is lower than the temperature
for pristine terbia, and ends at about 1000 ℃. The
introduction of even small amounts of yttria contributes
to the intensification of terbia reduction (which agrees
with the XRD data) and, as a consequence, to ceramic

Fig. 3 Shrinkage rate curves of SHS powder compacts of terbia and compounds of terbia with (a) yttria, (b) lutetia, and (c)
scandia.
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densification. However, further dilution of the terbia
matrix leads to a decrease in the shrinkage rate. For the
(Y0.1Tb0.9)2O3 and (Y0.4Tb0.6)2O3 compositions, there is a
peak that arises at ~870 ℃, characteristic for the
crystallization of pristine yttria. On the contrary, no
such peak is found for the (Y0.7Tb0.3)2O3 composition.
A possible explanation for this may be that partial
oxidation of Tb3+ results in distinct structural distortions
of C-type solid-solutions with a terbium content of
more than 50 mol% [13]. During reduction of terbium
ions, two-phase system may appear [13] whose behavior
is manifested on the dilatometric curves as a superposition
of pristine yttria and terbia–yttria solid solution at
temperatures below ~1000 ℃. If terbium content is
less than 50 mol% (for (Y0.7Tb0.3)2O3 composition), the
two-phase system does not appear, so a peak at ~870 ℃
is not observed. The densification rates of (Y0.4Tb0.6)2O3
and (Y0.7Tb0.3)2O3 samples have an intermediate value
between pristine terbia and that doped by 10 mol% of yttria.
The total shrinkage of (Y0.4Tb0.6)2O3 and (Y0.7Tb0.3)2O3
samples amounts to about 33% at 1520 ℃.
The introduction of scandia into terbia leads to a
significant decrease in the shrinkage rate of the samples
in the temperature range up to 950 ℃. This is associated
with the lower content of tetravalent terbium ions in
the samples. The lower content of Tb4+ is also noticeable
in terms of the color of the reduced powders of the
compounds (Sc1–xTbx)2O3, which do not have a brown
shade typical of (Y1–xTbx)2O3 and (Lu1–xTbx)2O3. Probably,
scandia contributes to a slowing down of the process of
terbium oxidation at the synthesis stage, the intensification
of Tb4+ ions reduction, as well as the supression of the
crystalization of terbia–scandia compounds. On the
dilatometric curves of terbia samples containing 40 and
70 mol% of scandia, only small peaks with a maxima
at temperatures of about 1020 and 880 ℃, respectively,
are observed, which is probably responsible for the
Tb4+ ion reduction. On the dilatometric curve of a
terbia sample with 10 mol% of scandia, the shrinkage
peaks are combined into one broad double peak. The

densification rate of the (Sc0.1Tb0.9)2O3 sample at a
temperature above 950 ℃ is higher than that of pristine
terbia. At temperatures above 1100 ℃, a significant
increase in the shrinkage rate is observed in (Sc0.4Tb0.6)2O3
and (Sc0.7Tb0.3)2O3 samples, which is shown by a very
intense peak on the dilatometric curves. The position of
the peaks’ maxima almost coincides with the position
of the corresponding peak for pristine scandia, but the
densification rate (compared to Sc2O3) is much higher.
The effect of the increasing densification rate of the
terbia–scandia compounds at high temperatures can be
explained by activation of the dislocations diffusion
due to the formation of terbium scandiate TbScO3 (as
will be seen later).
The estimation of the sinterability of SHS powders
of compounds of terbia with scandia, yttria, and lutetia
microwave sintering was carried out in the temperature
range of 1450–1720 ℃ for 15–210 min. The prospects
of using MW heating for production of optical ceramics
are determined by the following main factors. The
absence of heating elements in the working chambers
ensures sintering in high vacuum conditions. Pollution
of grain boundaries with the material of the evaporating
heating elements is a significant issue in the process of
ceramic sintering in the traditional ovens. Due to the
volume character of MW heating, the temperature
distribution has a maximum inside the sintered product,
by contrast with the temperature distribution in the
case of resistive heating. At this temperature profile,
porosity on the product periphery remains open until a
later sintering stage, which contributes to ejection of
pores and achievement of a higher compaction rate.
Figure 4 shows some SEM micrographs of the MW
sintered samples. The density of the samples after
sintering and the estimated values of the average grain
size, are shown in Table 2.
As can be seen from Fig. 4 and Table 2, the
introduction of yttria, lutetia, and scandia to terbia
leads to an increase, both in the ceramic density and in
the average grain size (which is typical for mixed

Fig. 4 SEM micrographs of Tb2O3, (Y1–xTbx)2O3, (Lu1–xTbx)2O3, and (Sc1–xTbx)2O3 microwave sintered ceramics.
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Table 2
Sample
Tb2O3
Tb2O3
(Y0.3Tb0.7)2O3
(Y0.9Tb0.1)2O3
(Lu0.7Tb0.3)2O3
(Lu0.7Tb0.3)2O3
(Lu0.4Tb0.6)2O3
(Lu0.4Tb0.6)2O3
(Lu0.4Tb0.6)2O3
(Lu0.1Tb0.9)2O3
(Lu0.1Tb0.9)2O3
(Lu0.1Tb0.9)2O3
(Sc0.7Tb0.3)2O3
(Sc0.4Tb0.6)2O3
(Sc0.1Tb0.9)2O3

Density and average grain size of the samples after microwave sintering

Sintering temperature (℃)
1450
1620
1640
1640
1500
1650
1600
1600
1650
1600
1600
1640
1600
1600
1600

Soaking time (min)
15
30
60
60
60
60
30
210
60
30
210
30
120
100
100

oxides of other rare earth metals) at identical sintering
temperatures. The obtained data are in good agreement
with the results of dilatometric analysis, which indicates
an increase in the densification of mixed oxides
compared with pristine terbia. Thus, the sintering of
terbia samples with 10 and 40 mol% of lutetia at a
temperature of 1600 ℃ for 30 min leads to the
producing of ceramics with density equal to 99% of
theoretical value. (Lu0.4Tb0.6)2O3 and (Lu0.1Tb0.9)2O3
samples are characterized by grain size distribution
with maxima at about 1.5 and 3 μm respectively. A
further increase in temperature or sintering time leads
to an increase in the average grain size. The ceramic
samples of terbia with 70 mol% of lutetia at the same
sintering temperatures have quite a few pores at the
grain boundaries, which form cavities comparable in
size or larger than grains. This might be caused by the
higher sintering temperatures of lutetia (compared with
terbia) and the enhancement of this effect with an
increase in its content in the sample. Consequently,
each composition requires the selection of its own
sintering conditions. The addition of more than 10 mol%
of scandia to terbia contributes to the intensification of
the sintering of the samples in comparison with pristine
Tb2O3. However, the densification rate and the density
values at identical sintering temperatures are somewhat
lower than those for solid solutions with yttria and lutetia.
This can be explained by the presence of the mixure of
oxides Sc2O3, TbScO3, Tb2O3 in the (Sc1–xTbx)2O3
sintered ceramics (see Fig. 5). Also, a diffuse halo
corresponding to the amorphous state is observed in
the region of the most intense peak in the XRD
patterns of (Sc1–xTbx)2O3 sintered ceramics.
Nevertheless, despite the high density, all the samples

Density ρ (g/cm3) and ρ/ρtheory
6.475, 0.82
7.372, 0.93
6.61, 0.95
5.29, 0.99
6.67, 0.75
8.7, 0.972
8.394, 0.989
8.395, 0.99
8.37, 0.986
7.957 (0.99)
7.96 (0.99)
7.807 (0.971)
4.693 (0.961)
6.007 (0.972)
5.75 (0.769)

Grain size (μm)
<0.2
1
6
7
1.5
4
1.5
4
3
3
4
5
4
1.5
2.5

Fig. 5 XRD patterns of (Sc1–xTbx)2O3 ceramics.

are only translucent; the light transmission at a wavelength
of 1 μm does not exceed 30% (see Fig. 6). The low
transmission of terbia–yttria and terbia–lutetia solid
solution ceramics is connected with the presence of
inter- and intragranular pores, which are the main cause
of light scattering. Their formation can be associated
with both the non-optimal sintering mode of the samples,
and the oxygen release that occurs during the reduction
of the Tb4+ ions at temperatures of 700–1000 ℃. The
pressure of the oxygen trapped within a closed pore
counteracts the surface tension driving force to shrink
the pore during sintering. Further improvement in the
optical quality of ceramics can be achieved by optimizing
the sintering conditions.
In the case of compounds of terbia with scandia, the
pore concentration is noticeably lower and insufficient
for such intense scattering. In this connection, we
assume that the main scattering mechanism in these
samples is second phase scattering. This assumption
can be confirmed by a significant (2%–3%) deviation
in the ceramic density from the theoretical value
against a background of insignificant porosity.
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